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REMARKS 

The Examiner's Office Action of June 4, 2003 has been received and its contents 
reviewed. Applicants would like to thank the Examiner for the consideration given to the 
above-identified application. 

By this Amendment, claims 1, 6, 11, 18 and 23 have been amended, and claims 2, 7, 
14, 19, 24, and 28-40 have been canceled. Accordingly, claims 1, 3-5, 6, 8-13, 15-18, 20-23, 
and 25-27 are pending for consideration, of which claims 1,6, 11, 18 and 23 are independent. 
Applicants respectfully request reconsideration and allowance of the pending claims. 

Referring now to the detailed Office Action, on page 2 of the Office Action, the 
specification and claims are objected for reciting the phrase "rear gas element." The present 
amendment has corrected these clear typographical errors to recite "rare gas element" in both 
the specification and claims. Because the changes to the specification involve multiple 
occurrences, Applicants have provided a substitute specification under 37 C.F.R. 1.125. 
Applicants respectfully submit that no new matter has been added by these amendments. A 
clean version of the substitute specification as well as a "marked-up version" is supplied for 
the Examiner's convenience. Accordingly, Applicants respectfully request reconsideration 
and withdrawal of the objection. 

On pages 2 and 3 of the Office Action, claims 1-3, 6-8, 11-14, 18-20 and 23-25 are 
rejected under 35 U.S. 102(b) as being clearly anticipated by Tanabe et al. '838 and claims 4, 
5, 9, 10, 16, 17, 21, 22, 26 and 27 are rejected under 35 U.S.C. 102(b) as anticipated by or, in 
the alternative, under 35 U.S.C. 103(a) as obvious over Tanabe et al. 4 838. Applicants 
respectfully traverse these rejections, in view of the amendments above and the remarks 
provided below. 

All independent claims have been amended to recite, inter alia, that the rare gas 
element comprises one selected from the group consisting of Ne, Ar, Kr and Xe, formerly 
recited in a corresponding dependent claims. Additionally, independent claims 6 and 1 1 have 
been amended so as to recite a rare gas element having a concentration gradient. Support can 
be found, for example, in at least FIG. 3. This feature is also set forth in claims 1,18 and 23. 
Applicants submit that Tanabe ('838) does not disclose or suggest any of these features as 
recited in each independent claim. 
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Independent claim 1 recites that the channel region contains a rare gas element 
having a concentration gradient, and wherein the rare gas element comprises one selected 
from the group consisting of Ne, Ar/Kr and Xe. Tanabe fails to teach the a rare gas element 
having a concentration gradient, wherein the rare gas element comprises one selected from 
the group consisting of Ne, Ar, Kr and Xe, as now set forth in independent claim 1 . Thus, 
Applicants request reconsideration and withdrawal of the rejection. 

Claims 3-5, dependent on claim 1, are allowable over the Tanabe patent for the 
reasons described above, as well as for reasons of their own. 

With regard to amended independent claim 6, Applicants submit that Tanabe does not 
teach or suggest that a rare gas element having a concentration gradient is contained between 
the channel region and the insulating film, and wherein the rare gas element comprises one 
selected from the group consisting of Ne, Ar, Kr and Xe. There is no teaching of 
concentration gradient is contained between the channel region and the insulating film, and 
wherein the rare gas element comprises one selected from the group consisting of Ne, Ar, Kr 
and Xe, now recited in independent claim 6. Thus, Applicants request reconsideration and 
withdrawal of the rejection. 

Claims 8-10, dependent on claim 6, are allowable over the Tanabe patent for the 
reasons described above, as well as for reasons of their own. 

With respect to independent claim 1 1 , Applicants submit that Tanabe does not teach 
or suggest that the second semiconductor layer contains a rare gas element having a 
concentration gradient, and wherein the rare gas element comprises one selected from the 
group consisting of Ne, Ar, Kr and Xe. Applicants respectfully submit that Tanabe does not 
teach or suggest that the second semiconductor layer contains a rare gas element having a 
concentration gradient, and wherein the rare gas element comprises one selected from the 
group consisting of Ne, Ar, Kr and Xe, now recited in independent claim 1 1 . Applicants 
respectfully request that if this rejection is maintained, that specific portions of the Tanabe 
reference be pointed out and related to specific features set forth in the claims. Thus, 
Applicants request reconsideration and withdrawal of the rejection. 

Claims 12, 13 and 15-17, dependent on claim 11, are allowable over the Tanabe 
patent for the reasons described above, as well as for reasons of their own. 
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Turning now to independent claim 1 8, Applicants submit that Tanabe does not 
disclose or suggest that the semiconductor layer contains a rare gas element having a 
concentration gradient along a direction perpendicular to the insulating surface, and wherein 
the rare gas element comprises one selected from the group consisting of Ne, Ar, Kr and Xe, 
as now recited. Applicants respectfully request that if the rejection is maintained, specific 
portions of the Tanabe reference be pointed out and related to specific features set forth in the 
claims. Thus, Applicants request reconsideration and withdrawal of the rejection. 

Claims 20-22, dependent on claim 18, are allowable over the Tanabe patent for the 
reasons described above, as well as for reasons of their own. 

With respect to independent claim 23, Applicants submit that Tanabe does not 
disclose or suggest that a semiconductor layer contains a rare gas element comprising one 
selected from the group consisting of Ne, Ar, Kr and Xe, as now recited in independent claim 
23. Applicants respectfully request that if the rejection is maintained, specific portions of the 
Tanabe reference be pointed out and related to specific features set forth in the claims. Thus, 
Applicants respectfully submit that the claim rejections under have been overcome and 
request withdrawal of the rejection. 

Claims 25-27, dependent on claim 23, are allowable over the Tanabe patent for the 
reasons described above, as well as for reasons of their own. 

In view of the amendments and arguments set forth above, Applicant respectfully 
requests reconsideration and withdrawal of all the pending rejections. 
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While the present application is now believed to be in condition for allowance, should 
the Examiner find some issue to remain unresolved, or should any new issues arise which 
could be eliminated through discussions with Applicant's representative, then the Examiner is 
invited to contact the undersigned by telephone in order that the further prosecution of this 
application can thereby be expedited. 



NIXON PEABODY LLP 
Suite 900 

401 9 th Street, N.W. 
Washington, D.C. 20004-2128 
(202) 585-8000 



Respectfully submitted, 




NVA275925.I 





61 

& 0 4 2003 % 



SEMICONDUCTOR DEVICE AND METHOD 



FOR MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 



5 1 . Technical Field of the Invention 

This invention relates to a semiconductor device having a circuit 
configured with thin film transistors (hereinafter, referred to as TFTs) and a 
method for manufacturing the same, e.g. an electro-optical device represented by 
the liquid crystal display panel and an electronic apparatus mounted with such an 
10 electro-optical device as a part. 

Incidentally, in the description, the semiconductor device refers to the 
device overall operable by making use of a semiconductor property, wherein the 
electro-optical device, the semiconductor circuit and the electronic apparatus, in 
any, are a semiconductor device. 



2. Description of the Related Art 

Recently, development has being proceeded for the semiconductor device 
that thin film transistors (TFTs) are configured with using a semiconductor film (in 
a thickness of nearly several to several hundred nm) formed on a substrate having 

20 an insulating surface thus having a large-area integrated circuit formed with the 
TFTs. The known representative examples include active-matrix liquid crystal 
modules, EL modules and contact-type image sensors. Particularly, the TFT 
using a crystalline silicon film (typically a polysilicon film) in an active layer 
(hereinafter, described polysilicon TFT) is high in electric-field mobility and 

25 allowed to form various functions of circuits. 

For example, the liquid-crystal module mounted on a liquid-crystal display 
device has pixel-circuit-controlling driver circuits, such as a pixel circuit for image 
display based on a function block, a shift register circuit on the basis of CMOS 
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circuits, a level shifter circuit, a buffer circuit and a sampling circuit, formed on 
one substrate. 

Meanwhile, the pixel circuit of an active-matrix liquid crystal module has 
TFTs (pixel TFTs) respectively arranged in several tens to several millions of 
5 pixels wherein each pixel TFT has a pixel electrode. The counter substrate, 
sandwiching liquid crystal, has a counter electrode to form a kind of capacitor 
using a liquid crystal as dielectric. The voltage to be applied to each pixel is 
controlled by TFT switching function to control the charge onto the capacitor, 
thereby driving the liquid crystal and hence controlling transmission light amount 
1 0 for image display. 

The TFT electric characteristic is ready to be influenced by the channel 
region in the neighborhood of an interface between a semiconductor and a gate 
insulating film. The present invention provides TFTs reduced in electric 
characteristic deviations and a method for manufacturing the same. 

15 

SUMMARY OF THE INVENTION 
The present invention is characterized by forming a region or layer 
containing an inactive element, or rear rare gas element, in the channel region. 
Meanwhile, the invention adds a rear rare gas element selectively or entirely by 

20 using an ion doping or ion implantation technique. Meanwhile, because the 
invention adds a rear rare gas element not to bond with other atoms to a 
semiconductor film having a crystalline structure, the fern 1 rare gas element is 
inserted to between the lattices in the semiconductor film. It is possible to 
perform gettering by utilizing a strained site formed upon adding the rear rare gas 

2 5 element. By the anneal with a heating process at a comparative high temperature, 
laser light (pulse-oscillated laser light or continuous-oscillated laser light) 
irradiation or intense light irradiation, the strained site formed by rear rare gas 

element addition may be reduced or removed. Incidentally, the added rear rare 

2 



gas element less diffuses within or departs from the film even if performing a 
heating process at a comparative high temperature. 

The silicon film having a crystalline structure, i.e. polysilicon film, 
includes lattice defects such as grain-boundary defects and stacking defects. The 
5 lattice defect acts as a carrier trap to worsen electric characteristics. Accordingly, 
in the TFT channel region, the volume or existence form of lattice defects forms 
the major cause of characteristic variations. In order to enhance homogeneity, the 
invention adds a fear rare gas element to distribute lattice defects evenly 
throughout the channel region without local segregation. 

10 An invention disclosed in the description is in a semiconductor device 

having a semiconductor layer having a crystalline structure on an insulating 
surface, a semiconductor device characterized in that: the semiconductor layer has 
a source region, drain region and channel region, wherein the channel region 
contains a rear rare gas element (concentration range oflxl0 15 -5xl0 21 /cm 3 ). 

1 5 Meanwhile, another invention is 

in a semiconductor device having a semiconductor layer having a 
crystalline structure on an insulating surface, a semiconductor device characterized 
in that: 

the semiconductor layer has a source region, drain region and channel 
2 0 region, wherein a rear rare gas element is contained between the channel region 
and an insulating film. Incidentally, this region, containing a rear rare gas 
element, is higher in electric resistance value than the channel region. 

Meanwhile, another invention is a semiconductor device comprising: a 
first semiconductor layer having a crystalline structure on an insulating surface; a 
25 second semiconductor layer in contact with the first semiconductor layer; an 
insulating film in contact with the second semiconductor layer; and an electrode in 
contact with the insulating film; 

wherein the second semiconductor layer contains a reor rare gas element. 

3 



In the above structure, the semiconductor layer in section is in a 
two-layered structure, wherein one layer is added with a fear rare gas element. 
The semiconductor layer in two-layered structure is used as a TFT active layer. 
Where a few rare gas element is added by an ion doping or ion implantation 
5 technique, the semiconductor layer turns into an amorphous state though 
depending upon addition conditions. Meanwhile, the semiconductor layer in an 
amorphous state, if re-crystallized by heating means (laser light or intense light 
irradiation, or heating process at a comparative high temperature), can be made in 
a semiconductor layer having a crystalline structure. 

0 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a view showing the present invention; 

FIGs. 2 A to 2G are views showing a manufacturing process of the invention; 

FIG. 3 is a view showing a concentration profile; 
5 FIGs. 4A to 4C are views showing a manufacturing process for AM-LCD; 

FIGs. 5A to 5C are views showing a manufacturing process for AM-LCD; 

FIG. 6 is a view showing a manufacturing process for AM-LCD; 

FIG. 7 is a figure showing an acceleration voltage dependency; 

FIG. 8 is a figure showing an argon concentration profile; 
0 FIG. 9 is a figure showing a nickel concentration profile; 

FIGs. 10A to 10G are views showing a manufacturing process of the invention; 

FIGs. 1 1 A to 1 IE are views showing a manufacturing process of the invention; 

FIGs. 12A to 12D are views showing a manufacturing process of the invention; 

FIG. 13 is a view showing an outside view of a liquid crystal module; 
5 FIGs. 14A and 14B are views showing an EL module in its top and cross section; 

FIG. 15 is a view showing an EL module in its cross section; 

FIGs. 16A to 16F are views showing examples of electronic appliances; 

FIGs. 17A to 17D are views showing examples of electronic appliances; and 
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FIGs. 18A to 18C are views showing examples of electronic appliances. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The embodiment mode of the present invention will now be explained 

5 below. 

There is shown, in FIG. 1, an example of a TFT structure of the invention. 
Herein, explanation is on an n-channel TFT of a top gate type. 

A substrate having an insulating surface 100 has thereon a two-layered 
base film (101a, 101b), to possess a semiconductor layer (channel region 102, 
10 source region 103 and drain region 104) on the base insulating film. Meanwhile, 
a gate insulating film 105 is provided covering the semiconductor layer, to provide 
a gate electrode 106 overlapped with the channel region through the sandwiched 
gate insulating film. Also, provided is an interlayer insulating film 107 covering 
the gate electrode. The interlayer insulating film 107 has therein a contact hole to 
15 provide a source electrode 108 in contact with the source region and a drain 
electrode 109 in contact with the drain region. 

The invention has a layer 110 added with a rem 1 rare gas element, in a 
region close to an interface between the gate insulating film 105 and the channel 
region 102, i.e. in an upper layer of the channel region. The upper layer in the 
20 channel region is a semiconductor film having an amorphous or crystalline 
structure. On the other hand, the lower layer in the channel region is a 
semiconductor film having a crystalline structure. 

A manufacturing method for obtaining the above structure desirably uses a 
method shown in FIGs. 2A to 2G. 
25 In FIG. 2 A, 200 is a substrate having an insulating surface, 201 a base 

insulating film and 202 a semiconductor film having an amorphous structure. 

First, on the substrate 200 is formed a base insulating film 201 as a 

blocking layer of a silicon oxide film, silicon nitride film or silicon oxynitride film. 

5 




The base insulating film 201 uses herein a two-layered structure (a silicon 
oxynitride film 201a having a film thickness 50 nm and a silicon oxynitride film 
201b having a film thickness 100 nm). However, it may use a single-layered film 
or a lamination structure having two or more layers. Note that, where there is no 
5 need to provide a blocking layer, a base insulating film may be omitted to form. 

Then, a semiconductor film 202 having an amorphous structure is 
deposited over the base insulating film by known means (sputter process, LPCVD 
process, plasma CVD process or the like). A metal element for promoting 
crystallization is added onto the entire or a part of the amorphous-structured 

10 semiconductor film according to a technique disclosed in Japanese Patent 
Application Laid-Open No. 7-130652. Herein, an amorphous silicon film is 
formed to apply a nickel-containing solution to over the amorphous silicon film 
thereby forming a nickel-containing layer 203. As the other means than the 
forming method by application, it is possible to use means for forming an 

15 extremely thin film by a sputter process, an evaporation process or a plasma 
process. 

Then, a heating process or intense light irradiation is carried out for 
crystallization. In this case, during crystallization, silicide is formed in a region 
of the semiconductor film which a metal element as a catalyst is in contact with, 

20 forming a nucleus for proceeding crystallization. This forms a crystalline 
semiconductor film 204 shown in FIG. 2B. In the case of crystallization by a 
heating process, it is preferred to carry out thermal crystallization (at 550 - 650 °C, 
for 4-24 hours) after dehydrogenating the amorphous silicon film (at 500 °C, for 
1 hour). Meanwhile, in the case of crystallization by intense light irradiation, it is 

25 possible to employ one of infrared light, visible light and ultraviolet light or a 
combination thereof. Typically used is the light emitted from a halogen lamp, a 
metal halide lamp, a xenon arc lamp, a carbon arc lamp, a high-pressure sodium 
lamp or a high-pressure mercury lamp. The lamp source is turned on for 1-60 




seconds, preferably 30 - 60 seconds, repeatedly 1-10 times wherein it is 
satisfactory to instantaneously heat the semiconductor film up to nearly 600 - 1000 
°C. Incidentally, if required, before irradiating intense light, a heating process 
may be made for the amorphous- structured semiconductor film 202 to give off the 
5 hydrogen contained therein. Meanwhile, crystallization may be made by 
simultaneously performing a heating process and intense light irradiation. 

Then, in order to enhance the ratio of crystallization (ratio of a crystal 
component to the film entire volume) and repair the defects left in the grain 
boundaries, laser light is desirably irradiated to the crystalline-structured 

10 semiconductor film 204. The laser light uses a wavelength of 400 nm or smaller 
of excimer laser light or a second or third harmonic wave of YAG laser. In any 
case, used is a pulse laser light having a repetition frequency of approximately 10 - 
1000 Hz, wherein the laser light may be focused by an optical system into 100 - 
400 mJ/cm 2 to carry out a laser process on the crystalline semiconductor film 204 

15 at an overlap ratio of 90 - 95%. 

Although the example using a pulse laser was shown herein, a continuous 
oscillating laser may be used. In order to obtain a large grain-sized crystal during 
crystallization of an amorphous semiconductor film, a solid-state laser capable of 
oscillating continuously is preferably used to apply a second to fourth harmonic 

2 0 wave with respect to a basic wave. Typically, it is satisfactory to apply a second 
harmonic wave (532 nm) or third harmonic wave (355 nm) of an Nd:YV0 4 laser 
(basic wave 1064 nm). Where using a continuous oscillating laser, the laser light 
emitted from a continuous-oscillating YV0 4 laser having an output of 10 W is 
converted into a harmonic wave by a nonlinear optical device. Meanwhile, there 

2 5 is a method that a YV0 4 crystal and nonlinear optical device is placed in a 
resonator to emit a harmonic wave. Preferably, an optical system is used for 
irradiation to a subject of processing by formation of a laser light into a rectangular 
or elliptic form on an irradiation plane. This requires an energy density of nearly 



0.01 - 100 MW/cm 2 (preferably 0.1-10 MW/cm 2 ). It is satisfactory to carry out 
irradiation by moving the semiconductor film at a velocity of 10 - 2000 cm/s 
relatively to the laser light. 

Incidentally, although used herein was the art for irradiating laser light 
5 after carrying out thermal crystallization using nickel as a metal element for 
promoting silicon crystallization, the amorphous silicon film may be crystallized 
by a continuous oscillating laser (second harmonic wave of a YV0 4 laser) without 
adding nickel. 

Then, an extremely thin oxide film 205 is formed by an ozone-containing 
10 solution, to form a semiconductor film 206 on the oxide film 205. (FIG. 2C) This 
oxidation film 205 serves as an etch stopper upon selectively removing only the 
semiconductor film 206 in the later process. Meanwhile, the semiconductor film 
206 may be an amorphous-structured semiconductor film or crystalline-structured 
semiconductor film. 

15 Then, a rear rare gas element is added to the semiconductor film 206 by an 

ion doping technique or ion implantation technique, to form a gettering site. (FIG. 
2D) The reaf rare gas element uses one or a plurality of ones selected from 
helium (He), neon (Ne), argon (Ar), krypton (Kr) and xenon (Xe). Such a few 
rare gas is herein used as an ion source in order to form a gettering site, and 

2 0 implanted into the semiconductor film by an ion dope or ion implantation 
technique. The ion implantation with such a f=eaF rare gas involves two significant 
points. Namely, one is to form dangling bonds by implant and cause strain in the 
semiconductor film while the other is to implant ions between the lattices of the 
semiconductor film thereby causing strain. The implant of few rare gas ions can 

25 satisfy the both at the same time. Particularly, the latter is available 
conspicuously when using an element, such as argon (Ar), krypton (Kr) or xenon 
(Xe), greater in atom radius than silicon. Meanwhile, the implant of a fear rare 
gas element forms not only lattice strain but also unpaired bonds, contributing to 




gettering reaction. Also, where one conductivity type impurity element, 
phosphorus, is implanted in a semiconductor film in addition to a rear rare gas 
element, gettering is possible by making use of the Coulomb's force of phosphorus. 
Meanwhile, during the process of FIG. 2D, the addition rear rare gas 
5 element has a concentration peak as the showing of an acceleration voltage 
dependency upon adding argon element in the ion doping technique in FIG. 7. By 
utilizing this, a rear rare gas element is added to the upper layer of the 
crystalline-structured semiconductor film 204 as shown in FIG. 3. However, the 
lower layer desirably maintains the crystalline structure as much as possible 

10 without adding the rear rare gas element. Note that the concentration profile and 
sectional view shown in FIG. 3 corresponds to FIG. 2D, wherein the same element 
used the same reference numeral. 

Then, gettering is carried out. (FIG. 2E) The gettering process may be by 
a heating process in a nitrogen atmosphere at 450 - 800 °C for 1-24 hours, e.g. at 

15 550 °C for 14 hours. Meanwhile, intense light may be irradiated from a lamp 
source, in place of a heating process using a furnace (including furnace anneal). 
Meanwhile, intense light may be irradiated in addition to the heating process. By 
the gettering, nickel moves in a direction of the arrow in FIG. 2E, thereby 
removing or reducing the concentration of the metal element contained in the 

20 semiconductor film 204 covered by the oxide film 205. This heating process 
serves also as anneal. Herein, the semiconductor film 204 also is added with a 
slight amount of rear rare gas element. It is, however, desired to fully carry out 
gettering so that nickel is all moved into the semiconductor film 207 without 
segregation in the semiconductor film 204, to an extent that there exists no nickel 

25 in the semiconductor film 204. 

FIG. 8 is a figure that a nickel acetate solution in 100 ppm is applied onto 
an amorphous silicon film having a film thickness of 300 nm and crystallized by a 
heating process at 550 °C for 4 hours to form a semiconductor film having a 




crystalline structure and thereafter added by argon under a condition (acceleration 
voltage of 10 keV, a dose of 2 x 10 15 /cm 2 ) by an ion dope technique, a sample of 
which is measured for an argon concentration distribution in a depth direction of 
the film by SIMS analysis. It can be read, from FIG. 8, that the argon has been 
5 added with a concentration of 1 x 10 18 /cm 3 or higher and in a depth of 
approximately 80 nm from a surface of the crystalline- structured semiconductor 
film. 

Furthermore, FIG. 8 shows also a concentration distribution of the argon 
of after a heating process made on the sample at a temperature of 550 °C for 4 

10 hours. The concentration of argon is not changed at or around the heating 
process, and the content amount is also not changed. 

Meanwhile, FIG. 9 shows a SIMS analysis similarly conducted on the 
concentration of the nickel contained in the sample at or around the heating 
process, wherein the nickel existed in the film with a concentration of 

15 approximately 5 x 10 18 /cm 3 is reduced down to 1 x 10 18 /cm 3 by the heating 
process. The distribution of nickel concentration after heating process is changed 
to have an increased peak of nickel concentration in a region added with argon. 
From these, it can be seen that the nickel distributed in the film by the heating 
process has moved to the region added with argon. In this manner, FIG. 9 clearly 

2 0 shows the effect of gettering due to the argon addition arid heating process. 

Then, after the oxide film 205 is used as an etch stopper to selectively 
remove only the semiconductor film shown at 207, the semiconductor film 204 is 
formed into a desired form of a semiconductor layer 208 by using a known 
patterning technique. 

2 5 Then, after cleaning the surface of the semiconductor layer by an etchant 

containing hydrogen fluoride, a silicon-based insulating film is formed for a gate 
insulating film 209. It is desired to continuously carry out such surface cleaning 
and gate insulating film formation without exposure to the air. 




Then, after cleaning the surface of the gate insulating film, a gate electrode 
2 1 0 is formed. An impurity element (P, As or the like) for providing an n-type to 
the semiconductor, P herein, is appropriately added to form a source region 211 
and a drain region 212. After addition, heating process, intense light irradiation 
5 or laser irradiation is carried out in order to activate the impurity element. 
Meanwhile, restoration is possible, simultaneously with the activation, from the 
plasma damage to the gate insulating film and from the plasma damage to the 
interface between the gate insulating film and the semiconductor layer. 
Particularly, it is extremely effective to activate the impurity element by irradiating 
10 a YAG-laser second harmonic wave at the main or back surface in an atmosphere 
at room temperature to 300 °C. YAG laser, requiring less maintenance, is 
preferable activating means. 

The processes from then on include to form an interlayer insulating film 
214, hydrogenate for forming a contact hole reaching the source and drain regions 
15 and form source electrode 215 and drain electrode 216 thereby completing a TFT. 

The TFT thus obtained contains a rear rare gas element at least in the 
upper layer of the channel region 213, as also shown in FIG. 1. The region 
containing the rear rare gas element has an electric resistance lower than the 
insulating film, forming a buffer layer higher than the lower layer of the 
2 0 semiconductor layer. Incidentally, with ion doping technique or ion implantation 
technique, the depth a fear rare gas element exists can be freely determined by 
properly selecting the conditions. 

Incidentally, although herein is shown the example to add a rear rare gas 
element during gettering, it is satisfactory to properly add a rear rare gas element 
2 5 after obtaining a semiconductor layer crystallized by using a known crystallization 
technique, e.g. laser crystallization technique or thermal crystallization technique. 

Meanwhile, the invention is not limited to the structure of FIG. 1. If 
necessary, a lightly doped drain (LDD) structure may be provided which has an 



LDD region between the channel region and the drain region (or source region). 
This structure is provided with a region added at low concentration with an 
impurity element at between the channel region and the source region or drain 
region formed by adding an impurity element at a high concentration, which region 
5 is called an LDD region. Furthermore, it is possible to provide so-called a GOLD 
(Gate-drain Overlapped LDD) structure having an LDD region arranged 
overlapped with the gate electrode through the gate insulating film. Meanwhile, a 
region or layer containing a fear rare gas element may be formed in the LDD 
region or GOLD region. 

10 Meanwhile, although explanation was herein made using an n-channel 

TFT, it is needless to say that a p-channel TFT can be formed by using a p-type 
impurity element in place of the n-type impurity element. 

Meanwhile, although explanation was on the example of the top gate TFT, 
the invention can be applied regardless of the TFT structure, e.g. applicable to a 

1 5 bottom gate type (inverted stagger type) TFT or forward stagger type TFT. 

Meanwhile, the concentration of a rear rare gas element contained in the 
upper layer of the semiconductor layer of the invention is 3 x 10 14 - 2 x 10 20 /cm 3 , 
preferably Ixl0 15 -lxl0 20 /cm 3 , at least equal to or higher than a detection 
lower limit of SIMS. 

2 0 The invention structured as above will be explained with greater detail by 

way of the following embodiments. 

EMBODIMENTS 
[Embodiment 1] 

25 Explanation is herein made on a method to simultaneously form, on the 

same substrate, a pixel region and driver-circuit TFTs around the pixel region 
(n-channel TFTs and P-channel TFTs), using FIGs. 4A to 6. 

First, the present embodiment uses a substrate 300 of glass such as barium 

12 



boro-silicate glass represented by Coning #7059 glass or aluminum boro-silicate 
glass represented by Corning #1737 glass. Incidentally, the substrate 300, if light 
transmissive, is not limitative and may use a quartz substrate. Meanwhile, a 
plastic substrate may be used which possesses heat resistance to withstand at a 
5 process temperature in this embodiment. 

Then, on the substrate 300 is formed a base film 301 of an insulating film, 
such as a silicon oxide film, silicon nitride film or silicon oxynitride film. The 
base film 301, although uses a two-layered structure in this embodiment, may use a 
structure of a single layer or two or more layers of the insulation films. For a first 

10 layer of a base film 301, a plasma CVD process is used to form, by deposition with 
a reaction gas of SiH 4 , NH 3 and N 2 0, a silicon oxynitride film 301a to a film 
thickness of 10 - 200 nm (preferably 50 - 100 nm). This embodiment formed a 
silicon oxynitride film 301a (composition ratio of Si = 32%, O = 27%, N = 24%, H 
= 17%) with a film thickness of 50 nm. Then, for a second layer of a base film 

15 301, a plasma CVD process is used to laminate, by deposition with a reaction gas 
of SiH 4 and N 2 0, a silicon oxynitride film 301b to a thickness of 50 - 200 nm 
(preferably 100 - 150 nm). This embodiment formed a silicon oxynitride film 
301b (composition ratio of Si = 32%, O = 59%, N = 7%, H = 2%) with a film 
thickness of 100 nm. 

20 Then, a semiconductor layer 302 - 306 is formed on the base film. The 

semiconductor layer 302 - 306 is formed by depositing a semiconductor film 
having an amorphous structure by known means (sputter process, LPCVD process 
or plasma CVD process) and then patterning a crystalline semiconductor film 
obtained by a known crystallizing process (laser crystallizing process, thermal 

2 5 crystallizing process or thermal crystallizing process using a catalyst of nickel or 
the like) into a desired form. The semiconductor layer 302 - 306 is formed in a 
thickness of 25 - 80 nm (preferably 30 - 60 nm). The crystalline semiconductor 
film, although not limited in material, is preferably formed of silicon or 




silicon-germanium (SixGe^xCX = 0.0001 - 0.02)) alloy. 

This embodiment used a plasma CVD process to deposit an amorphous 
silicon film having 55 nm and then hold a solution containing nickel on the 
amorphous silicon film. The amorphous silicon film is dehydrogenated (500 °C, 
5 1 hour) and then thermally crystallized (550 °C, 4 hours), followed by a laser 
anneal process for improving the crystallization to form a crystalline silicon film. 
Then, as shown in the embodiment, an extremely thin oxide film is formed on the 
surface by a solution containing ozone and then an amorphous silicon film is 
formed on the oxide film. A reo? rare gas element is added to the entire surface of 

10 the amorphous silicon film to conduct gettering with a heating process. 
Thereafter, the amorphous silicon film only is removed to pattern the crystalline 
silicon film, followed by removing the oxide film. Incidentally, argon is 
ion-doped as a material gas upon adding a rear rare gas element. In this manner, 
formed was a semiconductor layer 302 - 306 having a crystalline silicon film. 

15 The state the semiconductor layer 302 - 306 have been patterned corresponds to 
FIG. 2F in the embodiment. Incidentally, after forming an oxide film, a slight 
amount of impurity element (boron or phosphorus) may be appropriately doped 
(also called channel dope) in order to control the TFT threshold voltage. 

Then, the semiconductor layer 302 - 306 at its surface is cleaned by an 

2 0 etchant based on hydrogen fluoride such as buffer hydrogen fluoride, and then a 
silicon-based insulating film 307 is formed with a thickness of 40 - 150 nm by 
using a plasma CVD or sputter technique. This embodiment formed a silicon 
oxynitride film (composition ratio of Si = 32%, O = 59%, N = 7%, H = 2%) with a 
thickness of 1 15 nm by a plasma CVD process. Of course, the insulating film for 

25 a gate insulating film is not limited to a silicon oxynitride film but may be of a 
single layer or lamination structure of other form of insulating films containing 
silicon. 

Then, as shown in FIG. 4A, on the gate insulating film 307 are formed a 

14 



first conductor film 308 having a film thickness of 20 - 100 nm and a second 
conductor film 309 having a film thickness of 100 - 400 nm. This embodiment 
formed a first conductor film 308 of TaN film having a film thickness of 30 nm 
and thereon a second conductor film 309 of W film having a film thickness of 370 
5 nm. The TaN film was formed by a sputter process wherein sputtering was done 
using a Ta target in an atmosphere containing nitrogen. Meanwhile, the W film 
was formed by a sputter process using a W target. Besides, it is possible to form 
it by a thermal CVD process using tungsten hexafluoride (WF 6 ). 

Incidentally, although in the embodiment the first conductor film 308 was 

10 of TaN and the second conductor film 309 was of W, they are not especially 
limited. They, in any, may use an element selected from Ta, W, Ti, Mo, Al, Cu, 
Cr and Nd, or an alloy material or compound material based on the elements in a 
single layer or lamination. Meanwhile, may be used a semiconductor film 
represented by a polysilicon film doped with an impurity element such as 

15 phosphorus. Otherwise, AgPdCu alloy may be used. Meanwhile, it is possible 
to use a combination that the first conductor film is by a tantalum (Ta) film and the 
second conductor film by a W film, a combination that the first conductor film is 
by a titanium nitride (TiN) film and the second conductor film by a W film, a 
combination that the first conductor film is by a tantalum nitride (TaN) film and 

20 the second conductor film by an Al film, or a combination that the first conductor 
film is by a tantalum nitride (TaN) film and the second conductor film by a Cu 
film. 

Then, a photolithography process is used to form a resist mask 310 - 315 
to carry out a first etch process for forming an electrode and interconnection. The 
25 first etch process is under first and second etch conditions. This embodiment 
used, as a first etch condition, an ICP (Inductively Coupled Plasma) etching 
technique using CF 4 , Cl 2 and 0 2 for an etching gas, wherein etching was carried 

out at a gas flow rate ratio of respectively 25/25/10 (seem) with a plasma caused 

15 




by turning on an RF (13.56 MHz) power at 500 W to a coil-formed electrode under 
a pressure of 1 Pa. By using an ICP etching process and appropriately adjusting 
an etch condition (amount of electric power applied to the coiled electrode, amount 
of electric power applied to an electrode on the substrate end, electrode 
5 temperature on the substrate end, etc.), the film can be etched into a desired taper 
form. Incidentally, the etch gas can use appropriately a chloride-based gas 
represented by Cl 2 , BC1 3 , SiCl 4 and CCU, a fluoride-based gas represented by CF 4 , 
SF 6 and NF 3 , or 0 2 . Herein used a dry etching apparatus (Model E645-DICP) 
using an ICP manufactured by Matsushita Electric. A 150-W RF (13.56 MHz) 

10 electric power is turned on also to the substrate end (sample stage), applying 
substantially a negative self-bias voltage. Incidentally, the electrode area size on 
the substrate side is 12.5 cm x 12.5 cm while the coiled electrode area size (herein, 
a quartz disk provided with a coil) is 25 cm in diameter of a disk. Under the first 
etch condition, the W film is etched to form an end of the first conductor layer into 

15 a taper form. Under the first etch condition, the etch rate on W is 200.39 nm/min 
while the etch rate on TaN is 80.32 nm/min, wherein the selective ratio of W to 
TaN is approximately 2.5. The first etch condition provides a taper angle on W of 
approximately 26 degrees. 

Thereafter, the resist mask 310 - 315 is not removed for change to a 

2 0 second etch condition. Using CF 4 and Cl 2 for an etching gas to provide a gas flow 
rate ratio of respectively 30/30 (seem), a 500-W RF (13.56 MHz) electric power 
was turned on at a pressure 1 Pa to the coiled electrode to cause a plasma, thereby 
carrying out etching for approximately 30 seconds. A 20- W RF (13.56 MHz) 
electric power is turned on also to the substrate end (sample stage), applying a 

2 5 negative self-bias voltage. Under the second etch condition mixed with CF 4 and 
Cl 2 , the W film and the TaN film are etched in the same degree. Under the 
second etch condition, the etch rate on W is 58.97 nm/min while the etch rate on 
TaN is 66.43 nm/min. Incidentally, in order to perform etching without leaving 




residue on the gate insulating film, the etching time is preferably increased by a 
percentage of 10 - 20%. 

In the first etching process, by making a resist mask in a proper form, the 
first conductor layer and second conductor layer at an end is made into a taper 
5 form due to the effect of a bias voltage applied to the substrate end. The angle of 
the taper may be given 15-45 degrees. 

In this manner, the first etching process forms a first- form conductor layer 
316 - 321 having a first conductor layer and a second conductor layer (first 
conductor layer 316a - 321a and second conductor layer 316b - 321b). Although 

10 not shown, of the insulating film 307 for a gate insulating film, the region not 
covered by the first- form conductor layers 316-321 are formed by a region etched 
and reduced in thickness by nearly 10-20 nm. 

This embodiment carries out, following the first etching process, a second 
etching process without removal of the resist mask. Herein, the etch gas uses SF 6 , 

1 5 Cl 2 and 0 2 to provide a gas flow rate ratio of respectively 24/12/24 (seem) to cause 
a plasma by turning on a 700- W RF (13.56 MHz) electric power at a pressure of 
1.3 Pa to the coiled electrode, thereby carrying out etching for 25 seconds. A 10 
W RF (13.56 MHz) electric power is turned on also to the substrate end (sample 
stage), applying substantially a negative self-bias voltage. Under the second etch 

2 0 condition, the etch rate on W is 227.3 nm/min while the etch rate on TaN is 32.1 
nm/min, wherein the selective ratio of W to TaN is 7.1. The etch rate on SiON as 
an insulating film 307 is 33.7 nm/min wherein the selective ratio of W to TaN is 
6.83. In this manner, where using SF 6 in the etch gas, film reduction can be 
suppressed due to high selective ratio to the insulating film 307. Meanwhile, in 

2 5 the driver-circuit TFTs, the longer the channel lengthwise width in the taper is the 

higher the reliability becomes. Accordingly, when forming a taper, it is effective 

to carry out dry etching with an etch gas containing SF 6 . 

This second etching process provided a taper angle 70 degrees on the W. 
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By the second etching process, a second conductor layer 322b - 327b is formed. 
Meanwhile, the first conductor layer is almost not etched and a first conductor 
layer 322a - 327a is formed. Thus, second-form conductor layers 322 - 327 are 
formed. In the second etching process, the etch gas can use CF 4 , Cl 2 and 0 2 . 

Then, after removing the resist mask, a first doping process is made to 
obtain a state of FIG. 4C. In the doping, the first conductor layer 322a - 327a is 
used as a mask against an impurity element so that doping is carried out not to add 
the impurity element to the semiconductor layer beneath the taper of the first 
conductor layer. This embodiment used P (phosphorus) as an impurity element to 
perform plasma doping with a hydrogen-diluted gas having 5% of phosphine (PH 3 ) 
at a gas flow rate of 30 seem. In this manner, a low-concentration impurity 
region (n"~ region) 328 is formed overlapped with the first conductor layer in a 
self-aligned manner. The concentration of the phosphorus (P) added to the 
low-concentration impurity region 328 is 1 x 10 17 - 1 x 10 19 /cm 3 . 

Meanwhile, the first doping process may be made such that doping is done 
to add the impurity element to the semiconductor layer beneath the taper of the 
first conductor layer. In such a case, a concentration gradient is provided 
depending upon a film thickness at the taper of the first conductor layer. 

Then, after forming a resist mask 329 - 330, a second doping process is 
carried out to add an n-type-providing impurity element to the semiconductor 
layer. (FIG. 5A) Incidentally, the semiconductor layer to be formed later into an 
active layer of a p-channel TFT is covered by the mask 329, 330. The doping 
process may be by an ion dope technique or ion implantation technique. Herein, 
phosphorus is used as an n-type-providing impurity element and added by an ion 
dope technique with a hydrogen-diluted gas having 5% of phosphine (PH 3 ). 

By the second doping process, the semiconductor layer 303, to be formed 
later into an n-channel TFT for a logic circuit portion, has the conductor layer 323 

as a mask against phosphorus to form a high-concentration impurity region (n + 
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region) 343 , 344 in a self-aligned manner. Also, in the second doping process, 
addition is made also to the beneath of the taper thereby forming a 
low-concentration impurity region (n~ region) 333, 334. Accordingly, an 
n-channel TFT for a logic circuit portion to be formed later has only a region 
overlapped with a gate electrode (GOLD region). Incidentally, in the 
low-concentration impurity region (n~ region) 333, 334, the semiconductor layer 
overlapped with the taper of the first conductor layer has an impurity concentration 
(P concentration) gradually decreasing in a direction of from a taper end of the first 
conductor layer toward the inside. 

Meanwhile, by the second doping process, the semiconductor layer 305, to 
be formed later into an n-channel TFT for a sampling circuit portion, is formed by 
a high-concentration impurity region 345, 346 in a region not covered by the mask 

331 and a low-concentration impurity region (n~~ region) 335, 336 in a region 
covered by the mask 331. Accordingly, an n-channel TFT for a sampling circuit 
portion has only a low-concentration impurity region (LDD region) not overlapped 
with a gate electrode. 

Meanwhile, by the second doping process, the semiconductor layer 306, to 
be formed later into an n-channel TFT for a pixel portion, is formed by a 
high-concentration impurity region 347 - 350 in a region not covered by the mask 

332 and a low-concentration impurity region (n~~ region) 337 - 340 in a region 
covered by the mask 332. Accordingly, an n-channel TFT for a pixel portion later 
has only a low-concentration impurity region (LDD region) not overlapped with a 
gate electrode. Also, in the region to be formed later into a capacitance part of a 
pixel portion, a high-concentration impurity region 350 is formed in a self-aligned 
manner, thus forming a low-concentration impurity region (n~ region) 341, 342 
beneath the taper. 

The second doping process adds an n-type-providing impurity element in a 

concentration range of 3 x 10 19 - 1 x 10 21 /cm 3 to the high-concentration impurity 
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region 343 - 350. ^ 

Meanwhile, a fear rare gas element may be added at or around the second 
doping. In such a case, gettering can be further done in a later thermal process. 
In such a case, it is desired to use, in the second doping process, such a mask as, to 
5 provide addition to all the ends in the semiconductor layer. 

Then, after removing the mask 329 - 332, the semiconductor layer to be 
formed later into an active layer of an n-channel TFT is covered by a resist mask 
351 - 353 to carry out a third doping process. (FIG. 5B) A p-type impurity 
element is added through the taper to form a region containing the p-type impurity 

10 element in a low concentration (region overlapped with a gate electrode (GOLD 
region) 354b - 357b). By the third doping process, formed is a region 354a - 357a 
containing an n-type impurity element in a low concentration and a p-type 
impurity element in a high concentration. The region 354a - 357a, although 
containing a low concentration of phosphorus, is doped to a boron concentration of 

15 6xl0 19 -6xl0 20 /cm 3 . This causes no problem in operation as source and drain 
regions of a p-channel TFT. 

Meanwhile, although the embodiment carried out the first doping process, 
the second doping process and the third doping process in the order, the process 
order can be freely changed without especial limitation. 

2 0 Then, the resist mask 351 - 353 is removed to form a first interlayer 

insulating film 358. The first interlayer insulating film 358 is formed by an 
insulating film containing silicon having a thickness of 10 - 200 nm by the use of a 
plasma CVD process or sputter process. 

Then, as shown in FIG. 5C, carried out is a process to activate the impurity 

2 5 element added in the respective semiconductor layers. This activation process is 
made by irradiating a YAG laser or excimer laser at a back surface. The 
irradiation at the back surface makes it possible to activate the impurity region 
overlapped with the gate electrode through an insulating film. 



• # 

Meanwhile, although the embodiment showed the example to form a first 
interlayer insulating film prior to the activation, the process may be to form a first 
interlayer insulating film after the activation. 

Then, a second interlayer insulating film 359 is formed by a silicon nitride 
5 film to carry out a heating process (heating process at 300 - 550 °C for 1 - 12 
hours), thus carrying out a process to hydrogenate the semiconductor layer. This 
embodiment carried out a heating process in a nitrogen atmosphere at 410 °C for 1 
hour. This process is a process to terminate the dangling bonds in the 
semiconductor layer by the hydrogen contained in the second interlayer insulating 

10 film 359. The semiconductor layer can be hydrogenated regardless of the 
presence of a first interlayer insulating film. As other means for hydrogenation, 
plasma hydrogenation (using the hydrogen excited by a plasma) may be made. 

Then, formed is a third interlayer insulating film 360 of an organic 
insulating material on the second interlayer insulating film 359. This embodiment 

15 formed an acryl resin film having a film thickness of 1.6 |um. Then, patterning is 
made to form a contact hole reaching each high-concentration impurity region. 
This embodiment carried out etching processes in plurality. In this embodiment, 
the second interlayer insulating film is used as an etch stopper to etch the third 
interlayer insulating film, and then the first interlayer insulating film is used as an 

2 0 etch stopper to etch the second interlayer insulating film, followed by etching the 
first interlayer insulating film. 

Then, formed are an electrode 361 - 369 electrically connected to the 
high-concentration impurity region and a pixel electrode 370 electrically connected 
to the high-concentration impurity region 349. These electrode and pixel 

25 electrode use a material excellent in reflectivity, e.g. a film based on Al or Ag or a 
lamination thereof. 

By the above, it is possible to form, on the same substrate, a driver circuit 
401 having a logic circuit 403 formed by the n-channel TFT 406 and p-channel 



TFT 405 and a sampling circuit 404 formed by an n-channel TFT 408 and 
p-channel TFT 407, and a pixel portion 402 having a pixel TFT formed by an 
n-channel TFT 409 and a storage capacitor 410. (FIG. 6) 

Incidentally, although the embodiment has a structure that the n-channel 
5 TFT 409 has two channel regions between the source and drain regions 
(double-gate structure), the embodiment is not limited to the double-gate structure 
but may be in a single-gate structure having one channel region or a triple-gate 
structure having three channel regions. 

This embodiment is characterized to separately form high-concentration 

10 impurity regions suited for the circuits in a self-aligned manner by the second 
doping process or by the mask. The n-channel TFTs 406, 408, 409, in any, are in 
an LDD (Lightly Doped Drain) structure. Furthermore, the n-channel TFT 406 is 
so-called of a GOLD structure arranged with an LDD region overlapped with the 
gate electrode through a gate insulating film. Meanwhile, the n-channel TFTs 

15 408, 409 are of a structure having only a region (LDD region) not overlapped with 
the gate electrode. Incidentally, in the description, the low-concentration 
impurity region (n~ region) overlapped with the gate electrode through an 
insulating film is referred to as a GOLD region while the low-concentration 
impurity region (n" region) not overlapped with the gate electrode is referred to as 

2 0 an LDD region. The width of the region not overlapped with the gate electrode 
(LDD region) in a channel direction can be freely set by properly changing a mask 
in the second doping. Meanwhile, by changing the first doping condition to add 
an impurity element also to the beneath of the taper, the n-channel TFT 408, 409 
can be made in a structure having both of a region overlapped with the gate 

25 electrode (GOLD region) and a region not overlapped with the gate electrode 
(LDD region). 

[Embodiment 2] 
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This embodiment shows, in FIGs. 10A to 10G, an example to form a 
semiconductor layer by a process different from Embodiment 1 . 

First, a base insulating film 501, an amorphous semiconductor film 502 
and a metal-containing layer 503 are formed in the order on a substrate 500, 
5 similarly to Embodiment 1. (FIG. 10A) Then, crystallization is carried out 
similarly to Embodiment 1, to form a semiconductor film 504 having a crystalline 
structure. (FIG. 10B) 

Then, after forming a silicon-based insulating film, a mask 505 is formed 
of resist. Then, the mask 505 is used to form a mask 506 by wet etching. (FIG. 
10 10C) The mask 505 has a taper form at its end. By wet etching through this, the 
mask 506 of an insulating film based on silicon at an end is formed inward of the 
end of the mask 505. This mask 506 is to be used in patterning a crystalline 
semiconductor film. Then, although a fear rare gas element is added to the 
semiconductor film by an ion doping or ion implantation process, the addition is 
15 only to the region not overlapped with the mask 505, thus forming a gettering site 
507. (FIG. 10D) Meanwhile, as shown in FIG. 10D, a spacing is provided 
between the mask 506 and the gettering site 507. This spacing will be important 
during gettering to be later carried out. 

Meanwhile, the rear rare gas element may be added also to the region 
2 0 overlapped with the mask 505 by reducing the thickness of the mask 505 and mask 
506. 

Then, after removing the resist mask 505, a heating process is made to 
carry out gettering. Due to the heating process, the metal element contained in 
the film moves in a direction of the arrow in FIG. 10E. The gettering removes or 
2 5 reduces the metal element in the semiconductor film having a crystalline structure 
covered by the mask 506. 

Then, a slight amount of rear rare gas element is again added into the 
semiconductor film through the mask 506. By the second rear rare gas addition, 



the rear rare gas element is contained at least in the channel region. Although the 
second fear rare gas addition was made herein after gettering, the second rear rare 
gas addition may be made after the patterning of the semiconductor layer as a later 
process or after forming a gate insulating film to be formed later. Incidentally, in 
5 order to control the TFT threshold voltage, a slight amount of impurity element 
(boron or phosphorus) may be appropriately doped (called also channel dope). 
Meanwhile, during such channel doping, a rear rare gas element may be added to 
the semiconductor layer. 

Then, the mask 506 is used to pattern the crystalline-structured 

10 semiconductor film into a desired form, thereby forming a semiconductor layer 
508. (FIG. 10F) During the patterning, the gettering site 507 is removed and, 
simultaneously, removed is the crystalline-structured semiconductor film in a 
region close to the boundary on the gettering site. In gettering of the 
embodiment, the metal element segregates in the gettering site wherein it is ready 

15 to much segregate at the boundary on the gettering site. Accordingly, it is very 
effective to provide a spacing between the gettering site and the mask 506 as in the 
embodiment. 

Then, after cleaning the surface of the semiconductor layer by an etchant 
containing hydrogen fluoride, formed is a silicon-based insulating film to be 

2 0 formed into a gate insulating film 509. It is desired to continuously carry out such 
surface cleaning and gate insulating film formation without exposure to the air. 

Then, after cleaning the surface of the gate insulating film, a gate electrode 
510 is formed. An n-type-providing impurity element to the semiconductor, 
herein phosphorus, is appropriately added to form a source region 511 and a drain 

25 region 512. After addition, heating process, intense light irradiation or laser light 
irradiation is carried out in order to activate the impurity element. Meanwhile, 
simultaneously with the activation, restoration can be made from the plasma 
damage to the gate insulating film or the plasma damage to the interface between 




the gate insulating film and the semiconductor layer. Particularly, it is extremely 
effective to irradiate a YAG-laser second harmonic wave at the main or back 
surface in an atmosphere from room temperature to 300 °C thereby activating the 
impurity element. YAG laser, requiring less maintenance, is preferable activating 
5 means. 

The process from now on includes forming an interlayer insulating film 
514, carry out hydrogenation, forming a contact hole reaching the source and drain 
regions, forming a source electrode 515 and a drain electrode 516, and completing 
a TFT. 

10 The TFT thus obtained contains a rear rare gas element at least in the 

channel region 513. 

[Embodiment 3] 

This embodiment shows, in FIGs. 11A to HE, an example to add a rear 
1 5 rare gas element by using a mask having an opening size-reduced as compared to 
Embodiment 2. 

First, a base insulating film 601, an amorphous semiconductor film 602 
and a metal-containing layer 603 are formed in the order on a substrate 600, 
similarly to Embodiment 1. (FIG. 11 A) Then, crystallization is carried out 

2 0 similarly to Embodiment 1 , to form a semiconductor film 604 having a crystalline 
structure. (FIG. 11B) 

Then, after forming an insulating film based on silicon, a resist mask 605 
is formed. Then, the mask 605 is used to form a mask 606 by etching. Then, a 
reaf rare gas element is selectively added to form a gettering site 607. (FIG. 1 1C) 

2 5 Then, after removing the resist mask 605, a heating process is carried out 

for gettering. By the heating process, the metal element contained in the film 
moves in a direction of the arrow in FIG. 1 ID. The gettering removes or reduces 

the metal element in the crystalline-structured semiconductor film covered by the 
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mask 606. 

Then, after removing the mask 606, a resist mask 608 is formed to pattern 
the crystalline-structured semiconductor film, thus obtaining a semiconductor layer 
609. (FIG. HE) 

5 Then, the mask 608 is removed. The process from now on may be 

according to the EMBODIMENT MODE or Embodiment 1. 

[Embodiment 4] 

This embodiment shows, in FIGs. 12 A to 12D, an example of 

1 0 crystallization by a method different from Embodiment 1 . 

First, a base film 701 and an amorphous semiconductor film 702 are 
formed on a substrate 700, similarly to Embodiment 1. Then, a silicon-based 
insulating film is formed to form a resist mask 703. Then, the mask 703 is used 
to selectively remove the insulating film thus forming a mask 704. (FIG. 12 A) 

15 Then, after removing the mask 703, a metal-containing layer 705 is 

formed. Herein, a metal element is selectively added to the amorphous 
semiconductor film in a position not covered by the mask 704. 

Then, a heating process is carried out to form a crystalline-structured 
semiconductor film 706. This heating process may use heating process by an 

20 electric furnace or irradiation of intense light. The heating process by an electric 
furnace may at 500 - 650 °C for 4 - 24 hours, e.g. 550 °C for 4 hours. Nickel 
diffuses in a direction shown at the arrow in FIG. 12C and crystallization proceeds. 
The heating process causes crystallization in the amorphous semiconductor film in 
a part contacting the insulating-film mask 704 by the action of nickel. 

25 Then, after removing the mask 704, patterning is made to obtain a 

semiconductor layer 707. The process from now on may be according to the 
EMBODIMENT MODE or Embodiment 1. 

Meanwhile, this embodiment can be combined with Embodiment 1 or 2. 




Incidentally, combination is also possible with Embodiment 3. In the 
case of a combination with Embodiment 3, it is possible to make the same a mask 
for adding a metal element and a mask for adding a rear rare gas element. 

5 [Embodiment 5] 

In this embodiment, a process for manufacturing an active matrix liquid 
crystal display device using the active matrix substrate manufactured in Embodiment 
1 will be described. The description is made with reference to FIG. 13. 

First, after the active matrix substrate with the state of FIG. 6 is obtained 

10 according to Embodiment 1, an alignment film is formed on the active matrix 
substrate of FIG. 6 to perform a rubbing process. Note that, in this embodiment, 
before the formation of the alignment film, an organic resin film such as an acrylic 
resin film is patterned to form a columnar spacer for keeping a gap between 
substrates in a desired position. Also, instead of the columnar spacer, a spherical 

15 spacer may be distributed over the entire surface. 

Next, an opposing substrate is prepared. A color filter in which a colored 
layer and a light-shielding layer are arranged corresponding to each pixel is provided 
in this opposing substrate. Also, a light-shielding layer is provided in a portion of a 
driver circuit. A leveling film for covering this color filter and the light-shielding 

2 0 layer is provided. Next, a counter electrode made of a transparent conductive film is 
formed in a pixel portion on the leveling film, and then an alignment film is formed 
on the entire surface of the opposing substrate to perform a rubbing process. 

Then, the active matrix substrate in which the pixel portion and the driver 
circuit are formed and the opposing substrates are adhering to each other by using a 

2 5 sealing member. The filler is mixed with the sealing member, and two substrates 
are adhering to each other with a uniform interval by this filler and the columnar 
spacer. After that, a liquid crystal material is injected into a space between both 

substrates and then completely encapsulated by a sealing member (not shown). A 
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known liquid crystal material may be used as the liquid crystal material. Thus, the 
active matrix liquid crystal display device is completed. If necessary, the active 
matrix substrate or the opposing substrate is cut with a predetermined shape. Also, a 
polarization plate and the like are suitably provided using a known technique. And, 
an FPC is adhering to the active matrix liquid crystal display device using a known 
technique. 

A structure of a liquid crystal module thus obtained will be described using a 
top view of FIG. 13. Note that the same reference symbols are used for portions 
corresponding to those of FIG. 6. 

The top view of FIG. 13 shows the state that the active matrix substrate and 
the opposing substrate 800 are adhering to each other through the sealing member 
807. Over the active matrix substrate, an external input terminal 809 to which the 
pixel portion, the driver circuit, and the FPC (flexible printed circuit) are adhering, a 
wiring 810 for connecting the external input terminal 809 with an input portion of the 
respective circuits, and the like are formed. 

A light shielding layer 803a is provided in the opposing substrate side so as to 
overlap with a gate wiring side driver circuit 401a. Also, a light shielding layer 
803b is provided in the opposing substrate side so as to overlap with a source wiring 
side driver circuit 401b. In a color filter 802 which is provided over the opposing 
substrate side on a pixel portion 402, a light shielding layer and colored layers for 
respective colors red color (R), green color (G), and blue color (B) are provided 
corresponding to each pixel. Actually, a color display is formed using three colors, 
that is, the colored layer for the red color (R), the colored layer for the green color 
(G), and the colored layer for the blue color (B). Note that the colored layers for 
respective colors are arbitrarily arranged. 

Here, for a color display, the color filter 802 is provided over the opposing 
substrate. However, the present invention is not particularly limited to this case, and 
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in manufacturing the active matrix substrate, the color filter may be formed over the 
active matrix substrate. 

Also, in the color filter, the light-shielding layer is provided between adjacent 
pixels such that a portion except for a display region is shielded. The light shielding 
5 layers 803a and 803b are provided in a region covering the driver circuit. However, 
when the liquid crystal display device is incorporated into an electronic device as a 
display portion thereof, the region covering the driver circuit is covered with a cover. 
Thus, the color filter may be constructed without the light-shielding layer. In 
manufacturing the active matrix substrate, the light-shielding layer may be formed 
1 0 over the active matrix substrate. 

Also, without providing the light-shielding layer, the colored layers 
composing the color filter may be suitably arranged between the opposing substrate 
and the counter electrode such that light shielding is made by a lamination layer 
laminated with a plurality of layers. Thus, the portion except for the display region 
1 5 (gaps between pixel electrodes) and the driver circuit may be light-shielded. 

Also, the FPC 811 which comprises the base film and the wiring is adhering to 
the external input terminal by using an anisotropic conductive resin. Further, a 
reinforced plate is provided to increase a mechanical strength. 

The liquid crystal module manufactured above can be used as the display 
2 0 portion of various electronic equipments. 

This embodiment can be combined with either one of Embodiments 1 to 4. 

[Embodiment 6] 

Embodiment 1 shows an exemplary reflection type display device in which 
2 5 a pixel electrode is made of a metal material with reflectivity. In this 
embodiment, an exemplary transmission type display device is shown, in which a 
pixel electrode is made of a conductive film with light transparency. 
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The processes up to the process of forming an interlayer insulating film are 
the same as those in Embodiment >1 . Therefore, these processes will be omitted 
here. After the interlayer insulating film is formed in accordance with 
Embodiment 1, a pixel electrode made of a conductive film with light transparency 
5 is formed. As the conductive film having light transparency, ITO (indium tin 
oxide alloy), indium zinc oxide alloy (ln 2 0 3 -ZnO), zinc oxide (ZnO), or the like 
may be used. 

Thereafter, contact holes are formed in the interlayer insulating film. Then, 
connection electrodes overlapping the pixel electrodes are formed. The 

10 connection electrode is connected to drain regions through contact holes. 
Furthermore, a source electrode or a drain electrode of another TFT is also formed 
simultaneously with the connection electrodes. 

Herein, an example in which all the driver circuits are formed on a substrate 
is shown. However, several ICs may be used in a part of a driver circuit. 

1 5 An active matrix substrate is formed as described above. A liquid crystal 

module is manufactured in accordance with Embodiment 5, using the active matrix 
substrate, and a backlight and a light-guiding plate are provided, followed by 
disposing a cover, whereby an active matrix type liquid crystal display apparatus is 
completed. The cover and the liquid crystal module are attached to each other 

2 0 with an adhesive or an organic resin. Furthermore, a substrate may be attached to 
a counter substrate by filling an organic resin between a frame and a substrate so as 
to surround the frame. Since the apparatus is of a transmission type, polarizing 
plates are attached to both the active matrix substrate and the counter substrate. 
This embodiment can be combined with either one of Embodiments 1 to 4. 

25 

[Embodiment 7] 



In the present example, FIGs. 14A and 14B show an example of production 
of a light-emitting display apparatus provided with an electro-luminescence (EL) 
element. 

FIG. 14A is a top view of an EL module, and FIG. 14B is a cross-sectional 
5 view taken along a line A- A' in FIG. 14A. A pixel portion 902, a source-side 
driver circuit 901, and a gate-side driver circuit 903 are formed on a substrate 900 
(e.g., a glass substrate, a crystallized glass substrate, a plastic substrate, or the like) 
having an insulating surface. The pixel portion and driver circuits can be 
obtained in accordance with the embodiment. Furthermore, reference numerals 

10 918 and 919 denote a sealant and a DLC film, respectively. The pixel portion and 
the driver circuit portions are covered with the sealant 918, and the sealant 918 is 
covered with a protective film 919. The layered structure is further sealed with a 
cover member 920, using an adhesive. The cover member 920 is desirably made 
of the same material (e.g., glass) as that of the substrate 900 so as to endure 

1 5 deformation due to heat or an external force, and is formed into a concave shape 
(depth: 3 to 10 |nm) shown in FIGs. 14A and 14B by sandblast. It is desirable that 
the cover member 920 is provided with a concave portion (depth: 50 to 200 jam) 
for accommodating a drying agent 921. Furthermore, in the case of 
manufacturing the EL module by multi-chamfering, after the substrate and the 

2 0 cover member are attached to each other, they may be sectioned with a C0 2 laser 
or the like so that the ends thereof are flushed with each other. 

Reference numeral 908 denotes wiring for transmitting a signal input to the 
source-side driver circuit 901 and the gate-side driver circuit 903, which receives a 
video signal and a clock signal from a flexible printed circuit (FPC) 909 to be an 

25 external input terminal. Although only the FPC is shown, the FPC may be 
provided with a printed wiring board (PWB). A light-emitting device in the 
present specification includes not only a light-emitting device itself, but also a 

light-emitting device provided with an FPC or a PWB. 
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Next, the cross-sectional structure of the EL module will be described with 
reference to FIG. 14B. An insulating film 910 is formed on the substrate 900, and 
the pixel portion 902 and the gate-side driver circuit 903 are formed above the 
insulating film 910. The pixel portion 902 is composed of a plurality of pixels 
including a current control TFT 911 and a pixel electrode 912 electrically 
connected to a drain of the current control TFT 911. The gate-side driver circuit 
903 is formed of a CMOS circuit in which an n-channel TFT 913 and a p-channel 
TFT 914 are combined. 

The TFTs (including 911, 913, and 914) may be manufactured in 
accordance with above-mentioned embodiment. 

The pixel electrode 912 functions as an anode of an EL element. Banks 
915 are formed on both sides of the pixel electrode 912, and an EL layer 916 and a 
cathode 917 of the EL element are formed on the pixel electrode 912. 

The EL layer 916 (for emitting light and allowing carriers to move 
therefore) may be formed by freely combining a light-emitting layer, a charge 
transport layer, or a charge injection layer. For example, a low-molecular type 
organic EL material or a high-molecular type organic EL material may be used. 
Furthermore, as the EL layer, a thin film made of a light-emitting material (singlet 
compound) emitting light (fluorescence) by singlet excitation or a thin film made 
of a light-emitting material (triplet compound) emitting light (phosphorescence) by 
triple excitation can be used. Furthermore, an inorganic material such as silicon 
carbide or the like can also be used for a charge transport layer and a charge 
injection layer. Known materials can be used for the organic EL material and the 
inorganic material. 

The cathode electrode 917 also functions as wiring common to all the pixels, 
and is electrically connected to the FPC 909 via the connection wiring 908. 
Furthermore, all the elements included in the pixel portion 902 and the gate-side 
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driver circuit 903 are covered with the cathode 917, the sealant 918, and the 
protective film 919. 

As the sealant 918, it is preferable to use a material that is as transparent or 
semi-transparent as possible with respect to visible light. Furthermore, the sealant 
5 918 is desirably made of a material that is unlikely to transmit moisture and 
oxygen. 

It is also preferable that, after the light emitting element is completely 
covered with the sealant 918, the protective film 919 made of a DLC film or the 
like is provided at least on the surface (exposed surface) of the sealant 918 as 

10 shown in FIGs. 14A and 14B. The protective film 919 may be provided over the 
entire surface of the substrate including its reverse surface. Herein, care should 
be taken so that the protective film is not formed on a portion where an external 
input terminal (FPC) is to be provided. The protective film may be prevented 
from being formed using a mask, or the protective film may be prevented from 

15 being formed by covering an external input terminal portion with a tape such as 
Teflon used as a masking tape by a CVD apparatus. 

The EL element is sealed with the sealant 918 and the protective film 919 in 
the above-mentioned configuration, whereby the EL element can be completely 
shut off from the outside, and a substance promoting degradation due to oxidation 

20 of an EL layer, such as moisture and oxygen, can be prevented from entering from 
the outside. Thus, a highly reliable light-emitting device can be obtained. 

It may also be possible to form a pixel electrode as a cathode and stack the 
EL layer and a positive electrode, thereby obtaining a configuration in which light 
is emitted in a direction opposite to that in FIGs. 14A and 14B. FIG. 15 shows an 

2 5 example thereof. A top view thereof is the same, so that it will be omitted here. 

A cross-sectional structure shown in FIG. 15 will be described below. As a 
substrate 1000, a semiconductor substrate or a metal substrate, as well as a glass 
substrate or a quartz substrate can be used. An insulating film 1010 is formed on 




the substrate 1000. A pixel portion 1002 and a gate-side driver circuit 1003 are 
formed above the insulating film 1010. The pixel portion 1002 is composed of a 
plurality of pixels including a current control TFT 1011 and a pixel electrode 1012 
electrically connected to a drain of the current control TFT 1011. Furthermore, 
5 the gate-side driver circuit 1003 is composed of a CMOS circuit in which an 
n-channel TFT 1013 and a p-channel TFT 1014 are combined. 

The pixel electrode 1012 functions as a cathode of an EL element. 
Furthermore, banks 1015 are formed on both sides of the pixel electrode 1012, and 
an EL layer 1016 and an anode 1017 of the EL element are formed on the pixel 
10 electrode 1012. 

The anode 1017 functions as wiring common to all the pixels, and is 
electrically connected to an FPC 1009 via connection wiring 1008. Furthermore, 
all the elements included in the pixel portion 1002 and the gate-side driver circuit 
1003 are covered with the anode 1017, the sealant 1018, and the protective film 
15 1019 made of DLC or the like. Furthermore, a cover member and the substrate 
1000 are attached to each other with an adhesive. Furthermore, the cover member 
is provided with a concave portion for accommodating a drying agent 1021 . 

As the sealant 1018, it is preferable to use a material that is as transparent or 
semi-transparent as possible with respect to visible light. The sealant 1018 is 
2 0 desirably made of a material that is unlikely to transmit moisture and oxygen. 

In FIG. 15, the pixel electrode is formed as a negative electrode, and the EL 
layer and the positive electrode are stacked. Therefore, a light-emitting direction 
is as represented by an arrow in FIG. 15. 

This embodiment can be combined with either one of Embodiments 1 to 6. 
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[Embodiment 8] 

The driver circuit and the pixel portion formed by implementing the 

invention can be used in various modules (active matrix type liquid crystal display, 
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active matrix type EL display, active matrix type EC display). That is, the present 
invention can be implemented in all of electronic devices integrated with the 
modules at display portions thereof. 

As such electronic apparatus, there are pointed out a video camera, a digital 

5 camera, a head mount display (goggle type display), a car navigation system, a 
projector, a car stereo, a personal computer, a portable information terminal 
(mobile computer, portable telephone or electronic book) and the like. Examples 
of these are shown in FIG. 16A to 16F, FIG. 17A to 17D and FIG. 18A to 18C. 

FIG. 16A shows a personal computer including a main body 2001, an image 

0 input portion 2002, a display portion 2003 and a keyboard 2004. The invention is 
applicable to the display portion 2003. 

FIG. 16B shows a video camera including a main body 2101, a display 
portion 2102, a voice input portion 2103, operation switches 2104, a battery 2105 
and an image receiving portion 2106. The invention is applicable to the display 

5 portion 2102. 

FIG. 16C shows a mobile computer including a main body 2201, a camera 
portion 2202, an image receiving portion 2203, an operation switch 2204 and a 
display portion 2205. The invention is applicable the display portion 2205. 

FIG. 16D shows a goggle type display including a main body 2301, a 
0 display portion 2302 and an arm portion 2303. The invention is applicable to the 
display portion 2302. 

FIG. 16E shows a player using a record medium recorded with programs 
(hereinafter, referred to as record medium) including a main body 2401, a display 
portion 2402, a speaker portion 2403, a record medium 2404 and an operation 
5 switch 2405. The player uses DVD (Digital Versatile Disc) or CD as the record 
medium and can enjoy music, enjoy movie and carry out game or Internet. The 
invention is applicable to the display portion 2402. 
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FIG. 16F shows a digital camera including a main body 2501, a display 
portion 2502, an eye contact portion 2503, operation switches 2504 and an image 
receiving portion (not illustrated). The invention is applicable to the display 
portion 2502. 

5 FIG. 17A shows a front type projector including a projection apparatus 2601 

and a screen 2602. The invention is applicable to a liquid crystal module 2808 
constituting a portion of the projection apparatus 2601 . 

FIG. 17B shows a rear rare type projector including a main body 2701, a 
projection apparatus 2702, a mirror 2703 and a screen 2704. The invention is 
10 applicable to a liquid crystal module 2808 constituting a portion of the projection 
apparatus 2702. 

Further, FIG. 17C is a view showing an example of a structure of the 
projection apparatus 2601 and 2702 in FIG. 17A and FIG. 17B. The projection 
apparatus 2601 or 2702 is constituted by a light source optical system 2801, 

15 mirrors 2802, and 2804 through 2806, a dichroic mirror 2803, a prism 2807, a 
liquid crystal module 2808, a phase difference plate 2809 and a projection optical 
system 2810. The projection optical system 2810 is constituted by an optical 
system including a projection lens. Although the embodiment shows an example 
of three plates type, the embodiment is not particularly limited thereto but may be 

2 0 of, for example, a single plate type. Further, a person of executing the 
embodiment may pertinently provide an optical system such as an optical lens, a 
film having a polarization function, a film for adjusting a phase difference or an IR 
film in an optical path shown by arrow marks in FIG. 17C. 

Further, FIG. 17D is a view showing an example of a structure of the light 

25 source optical system 2801 in FIG. 17C. According to the embodiment, the light 
source optical system 2801 is constituted by a reflector 281 1, a light source 2812, 
lens arrays 2813 and 2814, a polarization conversion element 2815 and a focusing 

lens 2816. Further, the light source optical system shown in FIG. 17D is only an 

36 



example and the embodiment is not particularly limited thereto. For example, a 
person of executing the embodiment may pertinently provide an optical system 
such as an optical lens, a film having a polarization function, a film for adjusting a 
phase difference or an IR film in the light source optical system. 
5 However, according to the projectors shown in FIGs. 17 A, 17B and 17C, 

there is shown a case of using a transmission type electronic device and an 
example of applying a reflection type electronic device and a module is not 
illustrated. 

FIG. 18A shows a portable telephone including a main body 2901, a voice 
10 output portion 2902, a voice input portion 2903, a display portion 2904, an 
operation switch 2905, an antenna 2906 and an image input portion (CCD, image 
sensor, etc) 2907. The invention is applicable to the display portion 2904. 

FIG. 18B shows a portable book (electronic book) including a main body 
3001, display portions 3002 and 3003, a record medium 3004, an operation switch 
15 3005 and an antenna 3006. The invention is applicable to the display portions 
3002 and 3003. 

FIG. 18C shows a display including a main body 3101, a support base 3102 
and a display portion 3103. The invention is applicable to the display portion 
3103. 

20 As has been described, the range of applying the invention is extremely 

wide and is applicable to electronic device of all the fields. Further, the electronic 
device of the embodiment can be realized by using any constitution comprising 
any combinations of Embodiments 1 to 6. 

25 
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ABSTRACT OF THE DISCLOSURE 
The TFT electric characteristic is ready to be influenced by the channel 
region in the neighborhood of an interface between a semiconductor and a gate 
insulating film. The present invention provides TFTs reduced in electric 
characteristic deviations and a method for manufacturing the same. The invention 
forms a region or layer containing an inactive element, or fear rare gas element, in 
the channel region. As shown in FIG. 1, a fear rare gas element is contained at 
least in an upper layer of the channel region. 
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